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1 Introduction

In WI phase, RAN2 needs to take the UL buffer status reporting and scheduling design into account for NR in order to fulfill the requirements to provide efficient resource allocation as well as best in class user experience with the new system. It would be a common view that that the buffer status information should be efficiently sent to gNB in NR to support QoS-aware scheduling better compared with LTE. In this contribution, the details on BSR triggers are discussed.
2 Discussion
In LTE, we have the following 4 events which trigger a BSR [1]: 
-
UL data, for a logical channel which belongs to a LCG, becomes available for transmission in the RLC entity or in the PDCP entity and either the data belongs to a logical channel with higher priority than the priorities of the logical channels which belong to any LCG and for which data is already available for transmission, or there is no data available for transmission for any of the logical channels which belong to a LCG, in which case the BSR is referred below to as "Regular BSR";

-
UL resources are allocated and number of padding bits is equal to or larger than the size of the Buffer Status Report MAC control element plus its subheader, in which case the BSR is referred below to as "Padding BSR";

-
retxBSR-Timer expires and the MAC entity has data available for transmission for any of the logical channels which belong to a LCG, in which case the BSR is referred below to as "Regular BSR";

-
periodicBSR-Timer expires, in which case the BSR is referred below to as "Periodic BSR".

Based on the LTE BSR mechanism, we can discuss how to design NR BSR mechanism and what the basic principle would be. 

The details of regular BSR triggering due to the data with higher priority would be dependent on the design of logical channel group, protocol architecture and the definition of data available for transmission. However, the basic principle that the higher priority data triggers BSR would be still valid for NR as well. Moreover, regular BSR due to the expiry of BSR related timer is a mechanism to recover the right buffer status from a possible mismatch between UE and gNB, e.g. UE has data available for transmission but gNB thinks UE does not have it, which also seems useful for NR. 

Proposal 1: NR MAC supports regular BSR trigger as LTE MAC.
Periodic BSR transmission is an useful tool for the scheduler to retrieve the buffer status from UE where the data with the same or lower priority arrives continuously. This trigger has marginal complexity with wide use cases. 

Proposal 2: NR MAC supports periodic BSR trigger as LTE MAC.
Padding BSR is a supplemental mechanism, which could be seen as non-essential. However, it has already been implemented and used for LTE for many years. Removing this feature may have little gain in the implementation perspective. Since it is non-essential feature, RAN2 can exclude further enhancements on this.

Proposal 3: NR MAC supports padding BSR trigger as LTE MAC. 

Proposal 4: RAN2 does not strive for further enhancements on padding BSR trigger for NR beyond what is specified for LTE.
In LTE, regular BSR triggers a Scheduling Request (if SR resource is configured). Actually, the only thing to trigger SR is the regular BSR in LTE, which has been working without any problem. NR is expected to introduce additional functions (e.g. beam recovery) into the realm of MAC CE. In that sense, it may be premature to define regular BSR as the sole trigger for SR. However, it seems reasonable to agree that regular BSR triggers SR in NR.

Proposal 5: In NR, Regular BSR triggers SR. 

In LTE, a MAC PDU contains at most one BSR even when multiple events trigger each BSR.  Moreover, the MAC entity is allowed to transmit only one regular/periodic BSR in a TTI even if it is requested to transmit multiple MAC PDUs in a TTI. These principles were defined to ensure that UE does not waste the resource by transmitting multiple BSRs with the same contents. The later constraint may have unexpected negative impact in the case of LAA, e.g. when regular BSR is multiplexed to the MAC PDU for LAA carrier, but could be resolved with reasonable UE implementation. Based on the principle that LTE is the baseline for NR, we propose to take the same approach.

Proposal 6: In NR, a MAC PDU contains at most one BSR even when multiple events trigger each BSR.
Proposal 7: In NR, the MAC entity shall transmit at most one Regular/Periodic BSR in a TTI.
In LTE, all triggered BSRs are cancelled when a BSR is included in a MAC PDU for transmission. It can be applied to NR as well.    

Proposal 8: In NR, all triggered BSRs are cancelled when a BSR is included in a MAC PDU for transmission.

All triggered BSR can be cancelled even without being included in a MAC PDU when all the data can be transmitted only if BSR is not included. This mechanism is quite useful for certain case (e.g. CCCH SDU transmission). But this mechanism may incur uncertainty in UE processing which is especially harmful for high data rate processing. Further discussion is required for this aspect.

Proposal 9: In NR, the support of the optimization to cancel BSR without being included in a MAC PDU is subject to further discussion.
3 Conclusion

In this contribution, we provide our view on the buffer status report and ask RAN2 to discuss the following proposals:

Proposal 1: NR MAC supports regular BSR trigger as LTE MAC.

Proposal 2: NR MAC supports periodic BSR trigger as LTE MAC.

Proposal 3: NR MAC supports padding BSR trigger as LTE MAC. 

Proposal 4: RAN2 does not strive for further enhancements on padding BSR trigger for NR beyond what is specified for LTE.

Proposal 5: In NR, Regular BSR triggers SR. 

Proposal 6: In NR, a MAC PDU contains at most one BSR even when multiple events trigger each BSR.

Proposal 7: In NR, the MAC entity shall transmit at most one Regular/Periodic BSR in a TTI.

Proposal 8: In NR, all triggered BSRs are cancelled when a BSR is included in a MAC PDU for transmission.

Proposal 9: In NR, the support of the optimization to cancel BSR without being included in a MAC PDU is subject to further discussion.
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